Abstract-This study examines the uncertainty effect of renewable energy resources on the static voltage stability thanks to modeling a specific area of Turkish electricity network by using classic IEEE 30-bus test system. For this purpose, the classic IEEE 30-bus test system is adapted to the Turkish electricity network by using new approach proposed in the study, which is based on the 2015 Turkey real and reactive load curves. In this way, the classic IEEE 30-bus test system is considered a part of Turkish electricity network. The analyses are performed on this model using NewtonRaphson (NR) solution by established three Optimal Power Flow (OPF) studies: dynamic-OPF study without renewable sources, dynamic-OPF study with renewable energy sources having constant power output, Dynamic-Stochastic Optimal Power Flow (DSOPF) study with uncertain renewable energy sources. To take into account the uncertainty effects, Weibull Probability Distribution Function (PDF) using Turkey wind and solar data are used for each month. At the end of the study, it is observed that the integration of uncertain renewable energy sources into the Turkey electricity power system largely decreases both the yearly total generation cost and the reactive power generation.
I. INTRODUCTION
ENEWABLE ENERGY SOURCES are increasing day by day the share of world electricity energy production in total installed capacity. The remaining 100-150 years of life of fossil-based energy reserves and the serious and now irreversible damages of climate change and global warming impacts that our world faces due to their use are compelling reasons for this increase.
Additionally, the use of renewable energy sources as much as possible in electricity generation is also a necessity in terms of reducing the cost of electricity energy consumption which is rapidly increasing in parallel with developing technology. In theory; it is clear that the use of renewable energy sources with a source nature of almost zero cost instead of relatively costly power plants such as fossil-fueled natural gas plants that are commissioned to meet additional demand at peak times in a continuously changing supply-demand balance will greatly reduce electricity energy consumption prices. Practically, this is proved by the countries that increase the use of renewable energy. For example; It was reported that the price of electricity in Germany has been about 80 €/MWh in peak hours in 2008 and it has been decreased to 38 €/MWh in 2013 with the increase in renewable energy plants [1] . In parallel with these factors, the share of renewable energy sources in the world electricity energy production was determined as 21% in 2015. It has been estimated to be around 30% in 2035. In 2016, the world's net capacity additions obtained from renewable energy sources was around 66%, while the installed capacities of the coal and gas power plants declined in the same year [2] . In terms of net capacity increase, solar energy power plants rose for the first time in the world with an increase of 75 GW for the first time [3] . Similarly, the proportion of renewable energy sources in the net additional capacity in Turkey was 55% in 2016. By the end of 2017, the total installed capacity of renewable energy plants in Turkey has reached approximately 39 GW [4] . It is planned to increase this power to 60 GW by 2023. In this regard, it is planed that worldwide until 2030, CO2 emission from fossil-based electricity generation plants will be reduced by 40% [3] .
Whereas; the increase in the proportion of renewable power plants in total installed capacity brings some problems affecting the power quality of the countries in the electricity grid and the interconnected system. It is possible to divide these problems in general into the problems related to integration and stability. It can be said that the integration problems are mostly related to the infrastructure competencies of the distribution and transmission networks of the countries. For example, the active and reactive power capacity competencies of the transformer substations in the distribution network include the basic factors such as the availability of transformer substations with sufficient short circuit power capacity in the region according to the capacity of the renewable plant to be connected and the active and reactive power carrying capacities of the respective transmission lines. The solutions of these problems depend on the countries' midterm and long-term electricity infrastructure improvement, renewal and expansion plans. On the other hand, the stability problems can be caused from both the power network and the renewable power plant itself. It is clear that the uncertain nature of the renewable resources is the most effective reason of these problems. In literature, the uncertainty effect of the renewable resources to the power network has been examined so far by using different OPF models. It is known that the classic OPF analysis provides only instant information about the power system. To reach the more realistic long-term results, the analyses are spread periodically throughout months, years etc. by using dynamic-OPF analysis. In addition, these long-term dynamic-OPF analyses are improved to the stochastic-dynamic OPF by taking into account uncertainties of the process. At the recent ones, Liang et al. presented a widearea measurement based DSOPF algorithm using the adaptive critic design (ACD) technique in 2012 [5] . In 2014, Gill et al.
proposed the dynamic-OPF analysis for active distribution power system [6] . Two years after, Wei et al. proposed an integration technique of DG based on stochastic OPF model [7] .
At the same year, Sun et al. proposed a DSOPF for wind farms and EVs integrated power system based on the chanceconstrained programming model [8] , then Bai et al. were aimed to reduce the expected operational cost by using 94 wind power plants in Texas developed with raw data and using the model to estimate hourly wind energy outputs for 24 hours [9] . In 2017, in his doctoral dissertation, Bai utilized a probabilistic forecast model, dynamic factor model (DFM), to predict wind power. This work also focuses on the optimization of the system integrated with wind power and storage devices over 24 hours. In this doctoral dissertation, has been tested on small, medium and large power system for OPF (IEEE-30, IEEE-57 and IEEE-118 buses) and then it was modified and extended to solve a dynamic optimization problem recursively [10] . This study examines the uncertainty effect of renewable energy resources on the static voltage stability is examined thanks to modeling a specific area of Turkish electricity network by using IEEE 30-bus test system. For this purpose, IEEE 30-bus test system is adapted to the Turkish electricity network by using new approach proposed in the study, which is based on the 2015 Turkey real and reactive load curves obtained from TEİAS for the year of 2015 for Turkey. In this way, IEEE 30-bus test system is considered a part of Turkish electricity network. The analyses are performed on this model by established three OPF studies: dynamic-OPF study without renewable sources, dynamic-OPF study with renewable energy sources having constant power output, DSOPF study with uncertain renewable energy sources. All models have contained IEEE 30-bus test system arranged monthly in accordance with these load curves. The behavior of modified IEEE 30-bus system has been examined only at the first model for being reference. The renewable power plants have been integrated to this model in the second one. Finally, the third model has been composed to include the uncertainty of the renewable resources. To take into account the uncertainty effects, Weibull probability distribution function using Turkey wind and solar data are used for each month.
This article is organized as follows; the OPF problem and the new OPF models are summarized in Section II. Proposed OPF models are explained in Section III. The case studies for examinations are presented and discussed in Section IV and they are concluded in the Conclusion section.
II. OPTIMAL POWER FLOW PROBLEM
The Optimal Power Flow (OPF) was first introduced by Carpentier in 1962 [11] . It is defined as the production sharing of optimal power exchange between generators and barriers in production, without exceeding the physical limits of the equipment used in the power systems. Actually, OPF is a nonlinear optimization problem including a flow which must be optimized, a desired equality, inequality constraint, and a problem solving method [12, 13] . In other words, the OPF optimizes a certain the power flow within an electrical power system without violating power flow restrictions and operational limits [14, 15] . Conclusively, it maximizes the energy quality and determines the optimal working condition for the power system. The general OPF problem is formulated in Equation 1 [16] :
Where: f(x, u) -is the minimization function to optimize the solution, g(x, u) -represents the power flow equations, h(x, u) -represents the power system safety limits, x, u -are the status and control variables, respectively.
The state variables of the power system are the real output power of the slack bus, the voltage amplitudes of the load buses and the reactive output powers of the generator buses as depicted in Equation (2):
The control variables include the real output powers of the generator buses except slack bus, voltage magnitudes of the generator buses, transformer tap-changes and shunt capacities as represented in Equation (3):
The general cost function F cost in order to minimize the entire production cost of the power system can be determined as Equation (4):
Where: N g -is the number of generators in the power system, P gi -is the real powers of the generators, α i , β i and γ i -are the generator fuel cost coefficients.
Finally, the real and reactive power at bus k from the system can be given as Equation (5) and Equation (6):
The required limits generator real power, generator reactive power, bus voltage magnitude, transformer tap-changing value and shunt capacity can be arranged according to the nature of the application. On the other hand the OPF problem has been extended to the different OPF models according to solution requirements, especially for renewable energy sources with uncertainty. Some of them are summarized as follows:
Static OPF: Static OPF model defines the classic OPF problem. It can only manage a single load level at a certain time [17] .
Dynamic OPF: This OPF model is similar to the static one. The difference is that the dynamic OPF model covers multiple time periods [18, 19] .
Transient stability-constrained OPF: This problem handles static and dynamic constraints of the power network simultaneously during the optimization process [19] . In this case, the system can withstand serious hazards [20] .
Security-constrained OPF: This is another extended version of the OPF which involves constraints arising from the operation of the system under a set of postulated contingencies. SCOPF studies help to overcome when any real contingency happens by rescheduling / controlling to make sure that system is within the allowed limits of operation and termed as steady state security [21] .
Deterministic OPF: This derivatization based OPF model does not take into account the stochastic factors. The deterministic OPF is a typical short-term decision-making tool used by a number of utilities and its implementation in this work aims to give a reasonable benchmark for comparison. Traditional deterministic OPF models dispatch controllable generation using the central (most likely) wind forecast, i.e., they do not endogenously account for the variability and uncertainty of wind generation [22] .
Stochastic OPF: This type of OPF model takes into account the uncertainties in the power system parameters [23, 24] . Indeed, uncertainty sees it as part of constraints and objective models. For this reason, optimization process and final OPF results may be affected by uncertain factors [25] . These uncertainties can be changes of the wind for a wind turbine.
Probabilistic OPF: Estimates the probability distribution functions of dependent variables based on probability distributions of loads and other indeterminate factors using Monte Carlo Simulation [26] , Cumulant method [27] , Point Estimation Method (PEM) [28] , and adapted Gaussian mixture model [29] uncertain factors do not affect the final results.
AC OPF: The AC OPF model is associated with the AC power network and is based on the natural power flow characteristics of the system [30] . As a result, the results obtained with this type of OPF are more accurate [31] .
DC OPF: This type of OPF does not consider reactive power and transmission losses [30] .
Mixed AC/DC OPF: Both AC and DC parameters in the power system are associated with OPF [32] .
In this study, the dynamic OPF model and the stochastic OPF model are combined with each other in order to examine the effect of uncertain variations at the renewable energy resources to the static stability of the power system as explained below. For this purpose, while the dynamic OPF is modeled in a year period for monthly, the stochastic OPF is modeled with Weibull PDF of sun radiation and wind variation for each the month.
III. PREPARATION OF DSOPF MODEL
The IEEE 30-bus test system is used as an example power system in this study [33] . To preparation of the combined DSOPF model, the three regulations explained below have been performed on the IEEE 30-bus test system. In this way, the three OPF model are obtained as; After that, the three case studies have been realized using these three models in order to examine the effect of uncertain variations at the renewable energy resources to the static voltage stability of the power system.
Regulation-I
In this regulation, the standard IEEE 30-bus test system is reorganized monthly as a dynamic OPF model according to the real and reactive power load curves of 2015 obtained from the TEIAS annual sector reports [34] . This load curves are represented in Fig. 1 . Turkey's monthly real and reactive power consumption peak values of 2015 obtained from these curves are used to calculate the monthly values of constant total real and total reactive powers for the IEEE 30-bus test system as explained below. For this purpose, the total real and reactive powers of the IEEE 30-bus test system replaced with the peak values of the curves for each month.
Sampling for real and reactive power for January, it will be as follows; The load curves of the monthly total real and reactive powers for the Model-1 is represented in Fig. 2 and Fig. 3 ; 
Regulation-II
The renewable energy sources are integrated into Model-1 in the rate of 48% of total capacity by modifying the bus-5 and bus-11 as the wind power plants and bus-13 as the solar power plants in IEEE 30-bus standard test system. The single-line diagram of the modified IEEE 30-bus system for Model-2 (also for Model-3) and new generation capacities of the power plants are represented in Fig. 4 and Table 1 . After this modification, the new load curves as a dynamic OPF model are computed as similar to the Regulation-1. 
Regulation-III
This regulation is realized to compose Model-3. In this regulation, dynamic and stochastic OPF models are combined with each other as DSOPF in order to examine the uncertainty of the renewable energy resources integrated to the Model-2. The stochastic OPF model is achieved by using Weibull PDF to model the monthly variations of the wind speed and the sun radiation as explained below.
Modelling wind speed uncertainty
To modeling wind speed uncertainty, it is assumed in accordance with the IEEE 30-bus standard test system layout that the two wind power plants at the bus-5 and bus-11 powered 75 MW and 50 MW, respectively has been installed in Amasra county of Bartin in Turkey. The chosen values of air density (ρ = 1,211 kg/m 3 ), scale factor k and shape factor c for Amasra region and the computed values below are represented in Table  2 [36] . The gamma function is used to find the average wind speeds (V m ) for each month. Gamma function is represented in Equation (12) The monthly Weibull PDFs of the wind speed for 0-40 m/s range can be computed by using equation (13) . The monthly Weibull PDFs are depicted in Fig. 5 . 
Then, the cumulative Weibull PDFs for each month which give the probability of being less than or equal to the average speed of that month is computed as below;
ENERCON E-115 E-2 model 3,200 kW wind turbine is selected for this study. The cut-in speed v i , rated speed v r and cut-out speed v o for the turbine are given in Table 3 . The turbine output power according to the speeds are calculated and presented at the same table. 
Modelling solar radiation uncertainty
To modeling solar radiation uncertainty, it is assumed in accordance with the IEEE 30-bus standard test system layout that the solar power plants at the bus-13 powered 50 MW has been installed in Ankara region in Turkey. The model of the solar power plant can be obtained with the direct normal radiation values calculated for this region. For this region, DNI (Direct Normal Irradiation) values depicted in Fig. 6 which are directly calculated instead of the k and c parameters are used [36] . The AXITECAC 320P/156-72S model solar panels are selected for this study. The PV panel output power according to the amount of solar radiation is calculated as below [34] . These values are shown in Table 4 for each month. 
IV. PROPOSED OPF STUDIES
To examine the uncertainty effect of the renewable energy sources added to the IEEE 30-bus system in according to regulations considered before, three cases are performed by using model-1, model-2 and model-3. All OPF problems have been solved by Newton-Raphson solution method on MATLAB environment.
Case-I:
In this case, the dynamic OPF model is applied to the IEEE 30-bus test system and only the monthly real and reactive powers are changed in each bus. All of the plants are considered thermal power plants. The results obtained by using model-1 are represented in Table  5 . The fuel costs, the voltage magnitudes and the phase angles of the voltages are computed monthly for each bus with dynamic OPF model. However, the voltage magnitudes and their phase angles for each month are represented by computing their standard deviations. At the end of the table, the average values are presented. On the other hand, these values are represented graphically in Fig. 7, 8 and 9 . 
Case-II:
In this case, the dynamic OPF model is applied to the IEEE 30-bus test system with the renewable energy sources which have the constant outputs. In this model, bus-5 and bus-1 considered wind power plants whose capacities are 75 MW and 60 MW, respectively. Also, bus-13 is considered 50 MW solar power plant. The other generation buses are considered same as the standard IEEE 30-bus test system. The results obtained by using model-2 are represented in Table 6 . The results are computed monthly for each bus with dynamic OPF model which have renewable power plants having constant power outputs. The coefficients of the quadratic cost function presented in equation (4) Table 7 .
The results are computed monthly for each bus with dynamic-stochastic OPF model which have renewable power plants having uncertainties. The coefficients of the quadratic cost function are also taken zero for the renewable energy sources at this case study since there are no or close to zero fuel costs for renewable power plants in actual in steady-state. But, the costs computed are closer to the real values. The graphic results are also depicted in Fig. 13, 14 and 15. At the end of the studies, the monthly standard deviations of the voltage magnitudes are specified in Fig. 16 . It is observed from the figure that while the voltage magnitudes relatively decrease for some months of Model-2, the values computed at Model-3 is almost the same as the Model-1 which is assumed as a reference. It can be seen that these decreases in Model-2 are caused from inadequacy of the reactive powers supplied to the network by the entire power plants at April and October as observed from Table 6 , since the renewable power plants have been taken constant capacities in this model. Also, it is seen from the Fig. 17 that the phase angles of the bus voltages decrease in general and they have been more stable when the renewable power plants are integrated to the power system. When the monthly costs are examined, it is normally seen that the costs obtained from Model-1 which involved only IEEE 30-bus system are bigger than the other models which include renewable energy sources. Its maximum and minimum values are computed as 802.05 $/h and 618.91 $/h, respectively. At Model-2, the maximum and minimum values are computed as 236.98 $/h and 111.97 $/h, respectively. They are relatively very small compared to the values obtained from Model-1, since the ,,  coefficients of the cost function are assumed zero for renewable energy sources. These results are not realistic, but they are computed in order to be able to notice the change in Model-3 in this study. They directly follow the load curve, as similar to the Model-1. On the other hand, when the uncertainties are added to the renewable energy sources by using Weibull PDFs in Model-3, the generation costs are obtained more realistic. At this study, their maximum and minimum values are computed as 435.72 $/h and 264.36 $/h, respectively. From these results summarized in Table 8 , it can be clearly seen that the electric energy generation costs are decreased almost in a half, although both the total active power generation is nearly the same and the voltage and the phase angles are keep their stabilities. In addition, it is provided that the reactive power generation also decreases almost in a half as well in this circumstance. As a result, the proposed DSOPF analysis which takes into account the uncertainty effects of renewable energy resources as well, clearly shows with the example study that the contribution of integrating the renewable power plants into the power system which includes classic thermal power plants are in important level. VI. CONCLUSION
The effect of uncertain renewable energy sources integrated into a specific area of Turkey electricity power system on the static voltage stability is simulated by using DSOPF analysis in this study. DSOPF analyses combined Weibull PDF throughout a year is chosen in order to taking into account uncertainty effect of the renewable energy resources. Also, the IEEE 30-bus system is adapted with the method proposed in the study to the Turkish electricity system by using 2015 Turkey real and reactive load curves, as different from the literature. The analyses are performed on three models for comparison with each other. At the end of the proposed study, it is observed that the integration of realistic renewable energy sources with uncertainty into the Turkey electricity power system decreases approximately 50% both the yearly total generation cost and the reactive power generation, without changing the current active power generation. In this condition, it can be said that the static voltage stability of the power system is became more stable due to increase the reactive power margin.
